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Internal Dosimetry: An Intersection of Disciplines

° Physiology,

°* Anatomy,

°* Physics,

* Mathematics,

* Computer Science,

* Some people call it
° “The art of Internal Dosimetry”!



Basic Components for Internal Dose Calculations
Metabolic models describing the intake, distribution,
retention and excretion of radionuclides in the body.

Dosimetric models describing the interaction of
radiation within the several body organs and
tissues.

System of Dose Limitation



Radium Girls

ICRP Publication 2, 1959:

“The effective RBE dose delivered to the bone from
internal or external radiation during any 13 week
period averaged over the entire skeleton shall not
exceed the average RBE dose to the skeleton due to
a body burden of 0.1 uCi of 226Ra. This is considered
to correspond to a dose rate of 0.56 rem/week in the

case of 226Ra.”
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Reference Man

A person with the anatomical and physiological

characteristics defined in the report of the ICRP Task
Group on Reference Man

(ICRP-23, 1975 and ICRP-89, 2003).



Tissues with assigned risk factors by ICRP:
Publications 26 (1977), 60 (1990) and 103 (2007)

Organ or

Tissue ICRP-26 ICRP-60 ICRP-103 ICRP-26 Remainder tissues (Choice of 5):
Adrenals, Bladder, Brain, Stomach, Small
Intestine, Upper Large Int., Lower Large

Gonads X X X Int., Kidneys, Liver, Muscle, Pancreas,

Breast X X X Skin, Spleen, Thymus, Uterus.

Red Marrow X X X

Lungs X X X

Bone Surface X X X ICRP-60 Remainder tissues (All 10):

Thyroid X X X Adrenals, Brain, Extrathoracic (ET)

Bladder —— X X region, Kidneys, Muscle, Pancreas,

Colon o X X Small intestine, Spleen, Thymus, Uterus.

Liver === X X

Esophagus -—=- X X

Skin . X X ICRP-103 Remainder tissues (All 13):
Adrenals, Extrathoracic (ET) region, Gall

Stomach T X X Bladder, Heart, Kidneys, Lymphatic

Brain S S X nodes, Muscle, Oral mucosa, Pancreas,

Salivary Glands ---- ---- X Prostate ( &), Small intestine, Spleen,

Remainder (*) X X X Thymus, Uterus/cervix ().




A General Biokinetic Model Showing Routes of Intake,
Transfers and Excretion

Inhalation Exhalation Ingestion
Respiratory

Tract

Lymph nodes I
irect absorption Transfer
B> Compartment
Subcutaneous
tissue

Other Organs

) Gastro-
Liver

intestinal

b

tract

| Kidney

1

Urine

Feces




Evolution of the Respiratory Tract Models



The ICRP Publication 30 Respiratory Tract Model
(1979)

Inhaled Material

DN-P
B L alb > Deposition of particles:
(0] G Default: AMAD =1 um
D D..
Y =0 | Clearance: retention of compounds in
B c|d— T pulmonary region.
F R Class D: half-times < 10 days
L Dp L1 A Class W: 10 < half-times < 100 days
llj <« e | f| > | C Class Y: half-times > 100 days
D h g —» T
S
i
- <€
J Lymph Nodes




Respiratory Tract Regions Defined in the
ICRP Publication 66 Model (1994)

Posterior
nasal passage |
Pharynx g;.:lafpm Extrathoracle
- part
Larynx
Trachea ——
Thoracle
Main bronchi —K Bronchial
Bronchi
Bronchioles— =% |_Bb Bronchiolar
* Al Alveclar
, interstitial
g Bronchicles
\ i1 Termina' bronchioles
1""" : Respiratory Bronchioles
ﬂ‘#‘
Aleoclar duct +

Alveoli
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The ICRP Publication 66 Respiratory Tract Model

(1994)

Anterior ' Extrathoracic: '
nasal | ET, *|‘ Environment
Nasal- E 0.001 - 100,
oropharynx 1 [LNer[r ] ET.q ET, * GI Tract
/Larynx o LT e
Sequestered in Tissue % 10
™ X T e Y
Bronchi | <— BB, BB, .
: BB, o
| 0/ i
1 2 1
Bronchioles | |- VTH [l bby,, * bb, * |
! bb, “q
Alveolar- | - t _‘® . Deposition of particles:
JELCER E - 0-000020 Al *| AL *| AL E Defau It: AMAD - 5 !.l.m
E Thoracic :
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The ICRP Publication 66 Respiratory Tract Model

- Blood Absorption -

:

Particles in

Particles in

transformed

initial state
state

Bound Material

Absorption Rates (d)

F M S
(Fast) (Moderate) (Slow)
Sp 100.0 10.0 0.1
Spt 0 90.0 100.0
St --- 0.005 0.0001
Fb 0 0 0
Sb --- ---
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Evolution of the Gastrointestinal Tract Models
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(1979)

Ingestion

2

Stomach (ST)

Small Intestine (SI) Body Fluids

Ay

Upper Large
Intestine (ULI)

Lower Large
Intestine (LLI)

Excretion

The ICRP Publication 30 Gastrointestinal Tract Model

Stomach

Large
intestine
Duodenum

Small
intestine

Cecum

Col
Appendix olen

Section Mass of Mean residence

of Contents time A
Oltract () (@ @
ST 250 1/24 24
SI 400 4/24 6
ULI 220 13/24 1.8
LLI 135 24/24 1
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The Need for a New GI Tract Model

Since ICRP-30 (1979):

Specific risk estimates for cancer of the esophagus, stomach
and colon have been included.

More data available on the transit of materials through the
different regions of the gut.
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Human Alimentary Tract Model for Radiological Protection
(2006)

Blood

Salivary Oral cavity > Teeth
Glands Pharynx
Oeso- Oeso- Oral Mucosa
phagus | | phagus
1 2 Hepatic
Fast ¢ v Slow artery. ..
Stomach —>| Stomach|_
/ Content | Wwall
Secretory
v
Organs \\ Small Intestine — SI > Liver
Content B Wall
Left Colon —| LC | |Portal
Content | Wall vein
Right Colon F——> R(C [
Content | wall
Sigmoid/Rectum —>| SR [ |
Content < Wall
v

A 4

\4

Blood
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Routes of Secretion Into the Alimentary Tract

Blood

Oral cavity

.
Salivary Glands |7 Pharinx
Stomach wall | Stomach
Pancreas
Gall
:

Liver bladder ‘l
Small Intestine , Small

wall Intestine
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Evolution of the Systemic Models
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The ICRP Publication 30 Uranium Systemic Model
(1979)

Plasma
|
0.20 0.023 0.12 0.00052 0.12 : 0.536 ¢ 0.00052
1
Bone - 1 Bone - 2 Others Others
20d 5000 d 6d 1500d

I
I
Urine I
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The ICRP Publication 69 Systemic Model for

Actinides and Thorium (1994)

- :
1 Massive 1
I Soft Intermediate Slow '
i Tissues Turnover Turnover Turnover '
! (ST1) (ST2) !
1 1
1 1
___________________________________ .
Skeleton :
1
1
1
v
Cortical Cortical Cortical '
Volume Surface Marrow

L]

Trabecular
Volume

Surface

Trabecular

Trabecular
Marrow

Urinary
Bladder

Contents

Kidneys !

Other Kidne !
Tissue !

Liver 1

GI Tract
Contents
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Organ Content (%) After a Single Injection of Soluble Uranium

Skeleton

100 E LAY | A rrrrr ALY | Ty 10 E
] ] 1 99
1 o0
1 e © I
2 1
g ] B
< ] é 0
"8 T g 10 =
= 13 %
[ ] 2 -]
o 1 2 10" .
S =
N
0.1 — T — T — T — B A
0.01 01 1 10 100 1000 0.01 0.1 1 10 100 1000
Time (days) Time (days)
% Revised Bernard/Struxness (HUMAN)
o Kisieleski (0.5 pg/, MOUSE
¥s¥e es 1 ( he/e) ( ) * Revised Bernard/Struxness (HUMAN)
® Kisieleski (5.0 pg/g) (MOUSE) L .
& Bentley (0.013-0.100 g/e) (RAT) o Kisieleski (0.5, 5.0 pg/g) (MOUSE)
Men ey Lo Oglg ?95 /0) (DOG + Wrenn (aprox. 0.3 pg/g) (DOG)
v M°“°W ({“Jh“]“t‘?“’ o 46”3 g/) ( Doé o Bentley (0.013-0.100 ug/g) (RAT)
v Momow (“? atation, U1 1=1.95 1e g) (DOG) A Lipsztein (less than 0.001 ug/g, “'U (BABOON)
® Hamilton (injection, 0.2 ug/g, ~'U) (RAT) ¥ Morrow (injection, 0.01-1.95 ug/g) (DOG)
O Durbin (injection, 2.5x10" pug/g, " U) (RAT) v Morrow (inhalation, 0.11-1.46 pg/g) (DOG)
& Stevens (injection, 0.3 pg/g, *U) (DOG) = Hamilton (injection, 0.2 pg/g, ~'U) (RAT)
----- Calculation: Model: ICRP-2 o Durbin (injection, 2.5x10™ ug/g, “'U) (RAT)
- - - Calculation: Model: ICRP-30 Calculation: Model: ICRP-2
Calculation: Model: ICRP-69 Calculation: Model: ICRP-30

—— Calculation: Model: ICRP-69
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Evolution of the Dosimetric Models
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The ORNL Adult Male Phantom

(=]

Fig. A&-L The “Adel male” phantan. Bressis ary sl shiram.

(1974)
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Phantom Evolution

Stylized Phantoms
Organ / body contours defined by
3D mathematical surface equations

Voxel Phantoms

Organs and body tissues defined by groupings
of 3D arrays of tagged image volume
elements

Hybrid Phantoms
Organ / body contours defined by NURBS or
polygon mesh surfaces

Non-uniform rational basis spline (NURBS) is a mathematical model commonly used
in computer graphics for generating and representing curves and surfaces.

Stylized Phantoms

24



ICRP Adult Reference Computational
Phantoms — Voxel Based

ICRP Publication 110 (2009)




Dosimetric Model for Oral Cavity

Schematic of Oral Cavity dosimetric model

_ ) Schematic of Oral Cavity model
sectional plan view

Sectional front view

_— Target
/ cells

/ /{ IL?/ZT

A A / / A ‘

/
7

/ N

Teeth
layers here

’ \
Tissue Oral cavity source (food&water)

5mm thickness Tongue
Teeth FRONT
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Schematic of Oral Cavity dosimetric model












Dose to Target Cells in the Esophagus

Esophagus fast
and other sections

T~

Esophagus slow

SN
T

A

—

§ Target cells |

I Source

< Water

T Wall|—
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Remarks on the Evolution of Internal Dosimetry

Effects of radiations have been reviewed by the ICRP Main
Commission — Last: ICRP-103 (2007).

Biokinetic and dosimetric models are becoming more and
more realistic and are constantly being reviewed by the
ICRP Committee 2 and its task groups.

Specific biokinetic and dosimetric models for internal dose
calculations have also been developed for members of the
public of all groups of age, including embryo, fetus and
nursing infants.
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I‘a?mrennn'noum. COMMISSION ON RADIOLOGICAL PROTECTION

DOCAL - C2 Task Group on Dose Calculations

Lymphatic Nodes

Lymphatic node model
— 16 different sites
Match ICRP89 mass (1%)
Semi-automated MATLAB code
Need to verify pediatric values

Thoracic (upper)
Axillary (left)
Breast (left)

Cubital (right) —§ " g ’-T'— Cubital (left)

Mesentery (right) 4 S W i — Mesentery (left)

Inguinal (right) —f=——=r, "~ ® == ——% Inguinal (left

Popliteal (right) __ Popliteal (left)




lﬁ?mmnmrmﬂu COMMISSION ON RADIOLOGICAL PROTECTION

DOCAL - C2 Task Group on Dose Calculations Ped’atr’c Hybr’d Phantoms

wd

15-yearmale - at . W,

15-yearfemale Adult male e T

Adultfemale

The UF family of reference hybrid phantoms for IOP PUBLISHING
computational radiation dosimetry Phys. Med. Biol. 55 (2010) 339-363

Choonsik Lee', Daniel Lodwick?, Jorge Hur[ad:::ng, Deanna Pafundi’,
Jonathan L Williams™ and Wesley E Bolch™*>




IGR?NTERNMMNAL COMMISSION ON RADIOLOGICAL PROTECTION

DOCAL - C2 Task Group on Dose Calculations

Fetal Model Development

4.7 T NMR Image
11.5 week fetus

1.5 T MR Image
21 week fetus




New Reference Phantoms

ANNALS OF THE

PUBLICATION 143

Conversion of Adult Phantoms — Completed

Male Male
Female Female

Paediatric Reference Computational

Phantoms
VYOLUME 49 NO.1, 2020 ISSN O146-6453 - ISBN 9781529741230

Voxel-type ICRP-110 adult reference

phantoms Mesh phantoms
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Best of Luck!

Wy sincere
pbest wishes
to you all i}

Thanks!
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